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ABSTRACT: Prevalence of insecticides and toxic metals in nature is a potential threat to mammalian well being. 
Simultaneous exposure to co-existing environmental toxins can severely impair cardiovascular health possibly by 
compromising cardiac antioxidant system. The present study was conceptualized to determine the consequences of 
concurrent exposure to arsenic and quinalphos on antioxidant status of cardiac tissue in rats. Fifty-four adult Wistar rats 
of either sex were randomly allocated to nine groups of six rats each. Animals were subjected to either individual or 
simultaneous oral administration of quinalphos (1/100 or 1/10" of LD,,) and arsenic (50 or 100 ppb) incorporated in 
drinking water, for 28 days. Significantly (p<0.05) declined cardiac antioxidant biomarkers viz. total thiols, catalase, 
superoxide dismutase, glutathione peroxidase, glutathione-s-transferase, glutathione reductase along with increased (p<0.05) 
malondialdehyde levels indicated oxidative damage to heart following simultaneous administration of higher doses of 
quinalphos and arsenic when compared not only to control rats but also to rats exposed to either toxicant. Likewise, 
significant reduction in activity of cardiac acetylcholinesterase (AChE) was seen in rats co-exposed to higher doses of 
quinalphos and arsenic. These results show that simultaneous co-exposure to arsenic and quinalphos particularly at their 
higher doses imposed severe cardiac oxidative stress in rats as reflected by reduced antioxidant biomarkers, increased 
lipid peroxidation and reduced AChE activity. 
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INTRODUCTION Singh et al. 2020). Therefore, environmental pollution 

Quinalphos is an organophosphate compound __ due to indiscriminate use of quinalphos is a cause of great 
commonly employed for pest control in agriculture and = concern. 
livestock sector. Less than 0.1% of pesticide reaches the Arsenic is a naturally occurring metalloid found in air, 
target species and the remaining 99.9% is dissipated in _ soil and water. Presence of high arsenic levels in drinking 
the environment. Quinalphos and its metabolites can __ water predisposes humans and animals towards toxicosis 
persist in water, soil or plants for varying periods of time all over the world (Chen and Karagas 2013). In India, 
thus posing a grave threat to exposed animals andhumans _high arsenic level in water has been found in sixteen states 
(Gupta et al. 2011). Quinalphos inhibits the activity of | including Jammu and Kashmir (Chakraborti et al. 2002). 
acetylcholinesterase (AChE) leading to accumulation of Also, drinking ground water contaminated with 
acetylcholine at synaptic and neuromuscular junctions _ naturally occurring inorganic arsenic in Bangladesh is 
(Sarkar et al. 2000). Recent studies indicate that said to be the cause of mass poisoning affecting a large 
intoxication with quinalphos and its intermediate section of its population. Toxicity of arsenic is attributed 
metabolites causes oxidative stress due to free radical to its binding with accessible thiol groups in key enzymes 
generation and lipid peroxidation (Sarkar et al. 2000, | such as pyruvate dehydrogenase, as the latter uses dithiol 

lipoic acid as a cofactor. 
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Cardiac dysfunction is a leading cause of morbidity 
and mortality around the world. Environmental pollution 
is being increasingly linked with development of 
cardiovascular disorders (Goodman and Hochstein 1977, 
Jennrich 2012). Arsenic exposure has been associated 
with cardiac ischemia, arrhythmia and failure. Possible 
mechanisms of arsenic cardiotoxicity include oxidative 
stress, DNA fragmentation, apoptosis, and altered 
functioning of ion channels. Evidence suggests that 
mitochondrial disruption, caspase activation, MAPK 
signaling and p*’ are involved in arsenic induced 
apoptosis (Doroshow ef al. 1980, Alamolhodaei et al. 
2015). Moreover, exposure to organophosphates can also 
inflict cardiotoxicity (Anand et al. 2009, Akbel ef al. 
2018). Therefore, rampant use of organophosphorus 
compounds in areas with high levels of arsenic in ground 
water is a potential threat to cardiac health of both humans 
and animals. However, data on cardiac tissue injury 
resulting from such co-exposure in mammals is deficient. 
Particularly, no previous research has been carried out to 
assess the extent of oxidative damage occurring in cardiac 
tissue after simultaneous exposure to arsenic and 
quinalphos. Therefore, this study was undertaken to 
determine the severity of cardiac oxidative changes 
resulting from repeated simultaneous exposure to 
quinalphos and arsenic in Wistar rats. 


MATERIALS AND METHODS 

Experimental animals 

Fifty-four adult Wistar rats (180-200g) of either sex 
were procured from Indian Institute of Integrative 
Medicine (IMM), Jammu. The animals were provided 
standard pelleted ration and clean drinking water ad- 
libitum. All animals were maintained under standard 
managemental conditions (22 + 3°C, 50-60% relative 
humidity and 12 h light-dark cycles). Prior to start of 
experiment, rats were acclimatized to the laboratory 
conditions for a period of 15 days. All the experimental 
animals were kept under constant observation during the 
entire period of study. The experimental protocol was 
duly approved by Institutional Animal Ethics Committee 
(IAEC) vide proposal no 7/[AEC- 17/2017. The maximum 
contaminant level (MCL) of arsenic in drinking water is 
50 ppb and in the present study, two dose levels viz., 50 
and 100 ppb in drinking water were used (Steinmaus ef 
al. 2005). Two different doses of quinalphos 1/100" and 
1/10" of median lethal dose (LD,, - 19.9 mg/kg) were 
given alone and also in-conjunction with two different 
levels of arsenic (Raizada et al. 1993). Quinalphos (25%) 
used in the present study was commercially available by 
Biostadt India Ltd. Mumbai-400018, Maharashtra, India. 
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Experimental design 

Rats were randomly divided in nine groups of six rats 
each and subjected to different treatments for 28 days. 
Group I served as control receiving only distilled water 
(1ml/day), group I and III received orally quinalphos at 
1/100" and 1/10" of LD,, (19.9 mg/kg), respectively, 
whereas group IV and V received arsenic @ 50 and 100 
ppb, respectively, in drinking water. Group VI and VII 
received quinalphos @ 1/100" and 1/10" of LD,, through 
oral gavage along with arsenic in drinking water at the 
concentration of 50 ppb, respectively. The animals 
comprising group VIII and IX received quinalphos @ 1/ 
100" and 1/10" of LD,, orally along with arsenic in 
drinking water at the concentration of 100 ppb, 
respectively. The animals received daily dosing of 
quinalphos orally at 9.00-10.00 AM for a period of 28 
days. All animals were weighed weekly for calculating 
dose of quinalphos to be administered and monitored for 
any clinical signs during entire period of study. 


Processing and estimation of parameters 

At the end of experiment, animals were sacrificed by 
cervical dislocation and heart was collected for evaluation 
of various oxidative stress parameters and acetyl 
cholinesterase activity. Preparation of samples for 
estimation of catalase (CAT), superoxide dismutase 
(SOD), glutathione peroxidase (GPx), glutathione 
reductase (GR), glutathione-s-transferase (GST), 
acetylcholinesterase (AChE), malondialdehyde (MDA) 
and total thiols (TTH) was done as per the standard 
method. Briefly, heart (1 g) was collected in 10 ml ice 
cold phosphate buffer solution (0.5M, pH-7.4). Tissue 
samples were homogenized using teflon coated 
homogenizer (1000 rpm for 5-7 min at 4°C) and 10% 
tissue homogenate was prepared. The estimation of above 
parameters in the prepared homogenate was done as per 
the methods previously described [CAT (Aebi 1974), 
SOD (Marklund and Marklund 1974), GPx (Hafeman et 
al. 1974), GR (Carlberg and Mannervik 1985), GST 
(Habig et al. 1974) and AChE (Voss and Sachsse 1970), 
TTH (Mochnik ef al. 1994) and MDA (Shafiq-Ur- 
Rehman 1984)]. 


Statistical analysis 

The antioxidant parameters were presented as mean + 
standard error and analyzed by analysis of variance at 
5% level of significance using the Duncan Multiple Range 
Test (SPSS 16.0). 


Effects on antioxidant system of cardiac tissue following repeated oral administration... 


RESULTS AND DISCUSSION 

Effects on antioxidant system of cardiac tissue 
Effects of repeated administration of quinalphos and 
arsenic alone and in combination on antioxidant 
biomarkers in cardiac tissue of rats of different groups 
are presented in Table 1 and Table 2. 

SOD: Administration of toxicants reduced SOD levels 
in all the groups when compared to their respective levels 
in control group. But this decrease was significant 
(p<0.05) only in group IX rats. 

CAT: When compared with their respective values in 
control group, only a non-significant fall in CAT activities 
was observed in groups H, HI, IV, V and VI, however, 
this fall in CAT activity was significant (p<0.05) in groups 
VU, VU and Ix. 

GR: A non-significant fall in activity of GR was 
observed in groups II and IV but significant (p<0.05) 
decrease was observed in groups III, group V and all the 
combination groups (VI, VII, VIII and IX) as compared 
to control group. Notably, depreciation in GR activity in 
group IX was also significantly lower than the 
corresponding values of all other combination groups. 

GST: A non-significant decrease was observed in all 


experimental groups when compared with the respective 
values in control rats except in groups III and IX where 
GST values were found to be significantly (p<0.05) 
decreased. 

GPx: Glutathione peroxidase activity reductions were 
seen in all treatment groups when compared with control 
animals and these depreciations were non-significant in 
groups II, IV and V. However, a significant (p<0.05) 
decrease was observed in group treated with higher dose 
of quinalphos as well as all the combined treatment groups 
(groups If, VI, VU, VHI and IX) when compared to 
control group values. 

TTH: When compared with control group values, a 
significant decrease in mean TTH level was observed 
only in group III and combination groups VII, VIII and 
IX. On the other hand, this decrease was non-significant 
(p<0.05) in groups II, IV, V and VI. 

MDA: MDA levels were non-significantly raised in 
groups treated with arsenic alone (group II and IID), 
whereas in groups treated with quinalphos alone and all 
combination groups, the increase in MDA values was 
significant (p<0.05) when compared with control group 
rats. Strikingly, values of MDA in group IX animals were 


Table 1. Effects of repeated oral administration of quinalphos alone and in-conjunction with arsenic on various antioxidant 


biomarkers and AChE in cardiac tissue of rats. 


Groups AChE SOD CAT MDA 

I - Control 14950.002 + 824.18 283.0°+ 29.78 4008.5*+ 480.3 35.74° + 2.74 
II - Quinalphos (0.199 mg/kg) 12428.75°4 + 882.84 269.83*+ 17.76 3506.7*+ 443.8 47.78" + 0.96 
II - Quinalphos (1.99 mg/kg) 11452.50" + 701.10 263.0% 27.22 3295. 1*+ 337.3 55.90" + 4.00 
IV - Arsenic (50 ppb) 14608.75*4 + 1903.48 278.16°+ 23.33 3776.8°+ 479.7 38.92% + 1.81 
V - Arsenic (100 ppb) 12575.00° + 1164.70 274.69* + 22.91 3559.7*+ 448.9 42.09” + 3.02 
VI - Quinalphos (0.199 mg/kg) + 13075.00° + 1294.90 253.47*+ 21.68 3207.8°+ 308.9 47.38" + 3.20 
As (50 ppb) 

VII - Quinalphos (1.99 mg/kg) + 11803.75% + 1081.31 245.3*+ 23.29 3053.7° + 343.4 59.66°+ 4.57 
As (50 ppb) 

VIII - Quinalphos (0.199 mg/kg) + 8511.25 + 442.94 245.83*+ 25.04 3105.6°+ 253.4 68.22 + 3.66 
As (100 ppb) 

XI - Quinalphos (1.99 mg/kg) + 7305.00* + 285.16 210.2°+ 27.54 2999.6" + 343.0 95.19" + 4.10 
As (100 ppb) 


Values are given as Mean + SE of 6 animals unless otherwise stated. 
Values having different superscripts (a, b, c) ina column are statistically different from one another at 5% level of significance. 
Activities of acetylcholinesterase (AChE) are expressed in nmole of thiol group produced /min/mg of tissue. 
Values of SOD (Superoxide dismutase) expressed in Unit/ g of tissue. 
Values of CAT (Catalase) are expressed in umol H,O, decomposed/ min/ g of tissue. 

Values of MDA (malondialdehyde) are expressed in nmol MDA produced/g of tissue/hr. 
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Table 2. Effects of repeated oral administration of quinalphos alone and in-conjunction with arsenic on glutathione 


homeostasis in cardiac tissue of Wistar rats. 


Groups TTH GPx GR GST 

I - Control 3.96°+ 0.42 35.66°* 2.48 21.28*+ 1.50 8.60°+ 0.77 

II - Quinalphos (0.199 mg/kg) 3.52 + 0.23 32.19% + 2.54 16.56+ 1.47 6.42°°+ 0.53 

Il - Quinalphos (1.99 mg/kg) 3.04°* 0.29 31.01° + 3.56 15.84°+ 2.00 4.208* 0.59 

IV - Arsenic (50 ppb) 3.59% + 0.17 34.77" + 2.92 17.50*+ 1.31 5.32°°+ 0.69 

V - Arsenic (100 ppb) 3.74° + 0.28 33.24°°+ 3.19 15.80°+ 1.64 5.00°+ 0.84 

VI - Quinalphos (0.199 mg/kg) 3.32 + 0.27 28.84°+ 2.00 14.884 1.21 4.07" + 0.49 
+ As (50 ppb) 

VII - Quinalphos (1.99 mg/kg) 3.17 + 0.20 27.37*+ 2.67 13.92°+ 1.73 3.85°°+ 0.45 
+ As (50 ppb) 

VII - Quinalphos (0.199 mg/kg 2.09°°+ 0.18 23.35*+ 2.11 14.16°+ 1.01 3.80°+ 0.47 
+ As (100 ppb) 

XI - Quinalphos (1.99 mg/kg) 1.58°+ 0.19 21.59°+ 1.91 12.69° + 2.68 3.50°+ 0.42 


+ As (100 ppb) 


Values are given as Mean + SE of 6 animals unless otherwise stated. 
Values having different superscripts (a, b, c) in a column are statistically different from one another at 5 % level of significance. 


Values of TTH (total thiols) are expressed in uM. 


Values of GPx (glutathione peroxidase) are expressed in Unit/ g of tissue. 
Values of GR (glutathione reductase) are expressed nmol of NADPH/min. 
Values of GST (glutathione S transferase) are expressed in umol of CDNB conjugate formed/ min/ g of tissue. 


significantly higher than the MDA levels in rest of the 
combination groups. 

AChE: Even though the levels of AChE were reduced 
in all the treatment groups, significant reductions in AChE 
activities of heart tissues were only seen in groups III, 
VII and IX when compared with the respective values 
in control animals. Moreover, the AChE values were 
significantly lower in group VIII and group IX in 
comparison to the AChE values in group III. 

Exposure to environmental contaminants such as heavy 
metals and organophosphates is a risk factor for 
development of cardiovascular disease. Alterations in 
cardiac function directly impact the metabolic functioning 
of all other organ systems of the body and cardiac failure 
ultimately can lead to multi organ failure (Alamolhodaei 
et al. 2015). Chronic exposure to arsenic has been 
frequently associated with cardiac problems (Goldsmith 
and From 1980, Chen and Karagas 2013). Recent 
evidences have also reiterated association of arsenic 
exposure and occurrence of cardiac dysfunctions (Pichler 
et al. 2019). Adverse effects of arsenic exposure on the 
cardiovascular system have been documented by many 


other workers also (Moon et al. 2012, Chen and Karagas 
2013). Likewise, organophosphorus poisoning can also 
result in life threatening cardiac complications in humans 
(Anand et al. 2009). In our study alterations occurred in 
biomarkers of oxidative stress and AChE in cardiac tissue 
of all treated rats but these were significantly altered in 
groups given combined treatments of arsenic and 
quinalphos. 

Oxidative stress occurs when an imbalance between 
generation and scavenge of oxygen free radicals is 
created. The antioxidant defence system comprises of 
enzymes like SOD, GPx, CAT, GR, and GST. GR 
maintains the cytosolic concentration of reduced 
glutathione whereas GSH catalyzes the conjugation of 
reduced glutathione to a variety of xenobiotics for their 
ultimate detoxification. GR maintain glutathione in a 
reduced state. GPx, on the other hand is a free radical 
scavenger and checks lipid peroxidation. CAT and SOD 
also catalyze transformation of reactive oxygen radicals. 
So, any alteration in components of antioxidant 
machinery will result in accumulation of oxygen free 
radicals with resultant oxidative insult to cells. 
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Glutathione peroxide deficient mice were more 
susceptible to doxorubicin-induced cardiotoxicity (Gao 
et al. 2008). In the present study, a significant decline in 
key enzymes of glutathione antioxidant system in cardiac 
tissue of rats was seen after co-administration of toxicants. 
Likewise, a significant rise in lipid peroxidation, decline 
in reduced glutathione, decreased levels of glutathione 
dependent antioxidant enzymes, has been reported after 
arsenic administration in cardiac tissue of rats (Mathews 
et al. 2013). Subchronic exposure to malathion caused 
lipid peroxidation, reduced glutathione levels and 
decreased activities of SOD, AChE and CAT in rat heart 
(Akbel et al. 2018). Additionally, subacute exposure to 
arsenic and quinalphos severely reduced levels of 
glutathione dependent enzymes, CAT, SOD in rat kidneys 
(Singh et al. 2020). 

Significantly raised MDA levels and reduced TTH 
levels in co-administered groups in the current study 
indicate increased peroxidation of membrane lipids and 
reduced potential of the cells to quench ROS in cardiac 
tissue, which can ultimately cause cellular damage. MDA 
levels were reported to be significantly elevated in heart 
of rats after exposure to diazinon, pointing to free radical 
formation and lipid peroxidation in heart tissue 
(Mohamed ef al. 2000, Ogutcu et al. 2006). Similarly, 
various studies also observed an increase in MDA content 
with exposure of diazinon (Akturk ef al. 2006) and 
imidacloprid (Mahajan et al. 2018) in rats. Consistent 
with our findings, administration of arsenic also caused 
significant increases in levels of MDA in heart of rats 
(Saad et al. 2006). Long term arsenic exposure was shown 
to cause significant decrease in heart glutathione level 
and CAT activity and a significant increase in MDA levels 
(Ahangarpour ef al. 2018). The increase in MDA levels 
in cardiac tissues in response to organophosphorus or 
arsenic exposure have also been observed in many other 
studies (Hazarika and Sarkar 2001). 

Acetylcholine is a key regulator of cholinergic 
signaling in cardiac tissue. Reduced AChE activities lead 
to accumulation of acetylcholine and this may disrupt 
cardiac physiology. Measurement of cholinesterase (ChE) 
activity can serve as a biomarker not only for detecting 
cardiovascular pathological conditions but also for 
ascertaining exposure to organophosphorus and arsenic 
(Patlolla and Tchounwou 2005, Lionetto et al. 2013, 
Waiskopf er al. 2016). In our study repeated oral 
administration of quinalphos and arsenic reduced AChE 
activity and this reduction was highly significant when 
higher doses of both the contaminants were given in 
combination highlighting implications of their combined 


exposure under natural conditions for cardiovascular 
system. Previous studies have shown that a significant 
fall in brain AChE activities can occur after chlorpyrifos 
administration in rats (Karanth and Pope 2000, Mehta er 
al. 2005). Similar significant reduction in AChE activities 
has also been reported upon combined administration of 
chlorpyriphos and fluoride in rats (Baba et al. 2014). 

Thus, simultaneous administration of quinalphos and 
arsenic significantly affected not only the antioxidant 
machinery of cardiac tissue but also AChE activity in 
cardiac tissue of rats. The resultant diminished antioxidant 
potential leading to accumulation of reactive oxygen 
species and reduced AChE enzyme activity which causing 
accumulation of acetylcholine at neuromuscular 
junctions, can act as precursors for development of serious 
cardiac dysfunction. 


CONCLUSION 

Increased malondialdehyde levels along with 
decreased total thiol concentration, AChE activity and 
free radical scavenging enzymes in rat cardiac tissue after 
co-administration of quinalphos and arsenic indicated that 
repeated exposures to co-existing environmental toxins 
can cause significant cardiovascular damage in dwellers 
of such polluted regions. 


ACKNOWLEDGEMENT 

We thank the Dean, Faculty of Veterinary Science and 
Animal Husbandry, R S Pura, Jammu for providing 
necessary facilities for conducting the research. 


REFERENCES 


Aebi H (1974) Catalase. In: Methods of enzymatic analysis. 
Elsevier. 673-684. 


Ahangarpour A, Zeidooni L, Samimi A, Alboghobeish S, 
Khorsandi LS ef al. (2018) Chronic exposure to arsenic and 
high fat diet additively induced cardiotoxicity in male mice. 
Res Pharm Sci 13(1): 47-56. 


Akbel E, Arslan-acaroz D, Demirel HH, Kucukkurt I, Ince 
S (2018) The subchronic exposure to malathion, an 
organophosphate pesticide, causes lipid peroxidation, oxidative 
stress, and tissue damage in rats: the protective role of 
resveratrol. Toxicol Res (Camb) 7(3): 503-512. 


Akturk O, Demirin H, Sutcu N, Yilmaz H, Koylu H et al. 
(2006) The effects of diazinon on lipid peroxidation in rat heart 
and ameliorating role of Vitamin E and Vitamin C. Cell Biol 
Toxicol 22: 455-460. 


145 


Exploratory Animal and Medical Research, Vol.10, Issue 2, December, 2020 


Alamolhodaei NS, Shirani K, Karimi G (2015) Arsenic 
cardiotoxicity: an overview. Environ Toxicol Pharmacol 40(3): 
1005-1014. 


Anand S, Singh S, Nahar saikia U, Bhalla A, Paul sharma Y 
et al. (2009) Cardiac abnormalities in acute organophosphate 
poisoning. Clin Toxicol (Phila) 47(3): 230-235. 


Baba NA, RainaR, Verma PK, Sultana M (2014) Alterations 
in plasma and tissue acetylcholinesterase activity following 
repeated oral fxposure of chlorpyrifos alone and in conjunction 
with fluoride in Wistar rats. Proc Natl Acad Sci India Sect B - 
Biol Sci 84: 969-972. 


Carlberg I, Mannervik B (1985) Glutathione reductase. 
Methods Enzymol 113: 484-490. 


Chakraborti D, Rahman MM, Paul K, Sengupta MK, 
Chowdhury UK et al. (2002) Arsenic calamity in the Indian 
subcontinent : what lessons have been learned? Talanta 58(1): 
03-22. 


Chen Y, Karagas MR (2013) Arsenic and cardiovascular 
disease: new evidence from the United States. Ann Intern Med 
159(10): 713-714. 


Doroshow JH, Locker GY, Myers CE (1980) Enzymatic 
defenses of the mouse heart against reactive oxygen metabolites: 
alterations produced by doxorubicin. J Clin Invest 65(1): 128- 
135. 


Gao J, Xiong Y, Ho YS et al. (2008) Glutathione peroxidase 
1-deficient mice are more susceptible to doxorubicin-induced 
cardiotoxicity. Biochim Biophys Acta 1783(10): 2020-2029. 


Goldsmith S, From AH (1980) Arsenic-induced atypical 
ventricular tachycardia. N Engl J Med 303(19): 1096-1098. 


Goodman J, Hochstein P (1977) Generation of free radicals 
and lipid peroxidation by redox cycling of adriamycin and 
daunomycin. Biochem Biophys Res Commun 77(2): 797-803. 


Gupta B, Rani M, Kumar R, Dureja P (2011) Decay profile 
and metabolic pathways of quinalphos in water, soil and plants. 
Chemosphere 85: 710-716. 


Habig WH, Pabst MJ, Jakoby WB (1974) Glutathione 
S-transferases: the first enzymatic step in mercapturic acid 
formation. J Biol Chem 249: 7130-7139. 


Hafeman DG, Sunde RA, Hoekstra WG (1974) Effect of 
dietary selenium on erythrocyte and liver glutathione peroxidase 
in the rat. J Nutr 104: 580-587. 


Hazarika A, Sarkar SN (2001) Effect of isoproturon 
pretreatment on the biochemical toxicodynamics of anilofos in 
male rats. Toxicology 165(2-3): 87-95. 


146 


Jennrich P (2012) The influence of arsenic, lead, and 
mercury on the development of cardiovascular diseases. ISRN 
Hypertension. 2013 (234034): 01-15. 


Karanth S, Pope C (2000) Carboxylesterase and A-esterase 
activities during maturation and aging: relationship to the 
toxicity of chlorpyrifos and parathion in rats. Toxicol Sci 58(2): 
282-289. 


Lionetto MG, Caricato R, Calisi A, Giordano ME, Schettino 
T (2013) Acetylcholinesterase as a biomarker in environmental 
and occupational medicine: new insights and future 
perspectives. Biomed Res Int 2013: 321213. 


Mahajan L, Verma PK, Raina R, Sood S (2018) Toxic effects 
of imidacloprid combined with arsenic: oxidative stress in rat 
liver. Toxicol Ind Health 34(10): 726-735. 


Marklund S, Marklund G (1974) Involvement of the 
superoxide anion radical in the autoxidation of pyrogallol and 
a convenient assay for superoxide dismutase. Eur J Biochem 
47: 469-474. 


Mathews VV, Paul MV, Abhilash M, Manju A, Abhilash S 
et al. (2013) Myocardial toxicity of acute promyelocytic 
leukaemia drug-arsenic trioxide. Eur Rev Med Pharmacol Sci 
17 Suppl 1: 34-38. 


Mehta A, Verma RS, Srivastava N (2005) Chlorpyrifos- 
induced alterations in rat brain acetylcholinesterase, lipid 
peroxidation and ATP ases. Indian J Biochem Biophys 42(1): 
54-58. 


Mochnik PA, Frei B, Ames BN (1994) Measurement of 
antioxidants in human blood plasma. Methods Enzymol 234: 
269-279. 


Mohamed HE, El-swefy SE, Hagar HH (2000) The 
protective effect of glutathione administration on adriamycin- 
induced acute cardiac toxicity in rats. Pharmacol Res 42(2): 
115-121. 


Moon K, Guallar E, Navas-acien A (2012) Arsenic exposure 
and cardiovascular disease: an updated systematic review. Curr 
Atheroscler Rep 14(6): 542-555. 


Ogutcu A, Uzunhisarcikli M, Kalender S, Durak D, 
Bayrakdar F et al. (2006) The effects of organophosphate 
insecticide diazinon on malondialdehyde levels and myocardial 
cells in rat heart tissue and protective role of vitamin E. Pesticide 
Biochem Physiol 86(2): 93-98. 


Patlolla AK, Tchounwou PB (2005) Serum acetyl 
cholinesterase as a biomarker of arsenic induced neurotoxicity 
in sprague-dawley rats. Int J Environ Res Public Health 2: 
80-83. 


Effects on antioxidant system of cardiac tissue following repeated oral administration... 


Pichler G, Grau-perez M, Tellez-plaza M et al. (2019) 
Association of arsenic exposure with cardiac geometry and left 
ventricular function in young adults. Circ Cardiovasc Imaging 
12(5): e009018. 


Raizada RB, Srivastava MK, Singh RP, Kaushal RA, Gupta 
KP et al. (1993) Acute and subchronic oral toxicity of technical 
quinalphos in rats. Vet Hum Toxicol 35: 223-225. 


Saad SY, Alkharfy KM, Arafah MM (2006) Cardiotoxic 
effects of arsenic trioxide/imatinib mesilate combination in rats. 
J Pharm Pharmacol 58(4): 567-573. 


Sarkar R, Mohanakumar KP, Chowdhury M (2000) Effects 
of an organophosphate pesticide, quinalphos, on the 
hypothalamo-pituitary-gonadal axis in adult male rats. J Reprod 
Fertil 118: 29-38. 


Shafiq-Ur-Rehman (1984) Lead-induced regional lipid 
peroxidation in brain. Toxicol Lett 21: 333-337. 


Singh P, Verma PK, Raina R, Sood S, Sharma P (2020) 
Maximum contaminant level of arsenic in drinking water 
potentiates quinalphos-induced renal damage on co- 
administration of both arsenic and quinalphos in Wistar rats. 
Environ Sci Pollut Res 27: 21331-21340. 


Steinmaus CM, Yuan Y, Smith AH (2005) The temporal 
stability of arsenic concentrations in well water in western 
Nevada. Environ Res 99: 164-168. 


Voss G, Sachsse K (1970) Red cell and plasma cholinesterase 
activities in microsamples of human and animal blood 
determined simultaneously by a modified acetylthiocholine/ 
DTNB procedure. Toxicol Appl Pharmacol 16: 764-772. 


Waiskopf N, Shenhar-Tsarfaty S, Soreq H (2016) Serum 
cholinesterase activities as biomarkers of cardiac 
malfunctioning. In: Patel V, Preedy V (Eds) Biomarkers in 
cardiovascular disease. Biomarkers in disease: methods, 
discoveries and applications. Springer, Dordrecht. 197-218. 


Cite this article as: Singh P, Verma PK, Sharma P, Sood S, Raina R (2020) Effects on antioxidant system of cardiac 
tissue following repeated oral administration of arsenic, quinalphos and their combination in Wistar rats. Explor 


Anim Med Res 10(2): 141-147. 


147 


